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I

DESCRIPTION OF A TRANSIENT THERMAL ANAL_C.!-q

PROGRA_ FOR USE WITH TEE METHOD OF ZOOS

SUMMARY

A progrm- has been written (and from time to time modified) to

solve numerically the differential equations which arise when the method

of zones* is used to construct a mathematical model of the thermal

behavior of a phyelcal system. One particular feature of the progrm- is

that a number of checks are incorporated to improve the confidence in the

input data and the results. Another feature is the use of an Intesratlon

parameter, specified in the input data, to siva contzol over the implicit

inteEration procedure used.

A description of the problem and the check:tug procedures is

g__rst __iven in this report. Then the detailed specitications of the

_" trip, it dataare discuss_dj end a sample problem present_.d.

-. The outputs, both on-llne and off-llne, are described. Finally_

, the full details of the program, including a catalogue of the storase

contents_ the FORTRANcoding, and the flow c harts_ are L_iven as appendices..

.... (_ _ -_:-',...
GENERAL DESCRIPTION

The transient thermal analysis prosram, TTA, is a FORTRAN progr-_

dealsned Co solve a system of ordinary differential equations of the form

dT

Tj 4• F. Ollj cr + _ _lJ Tj + Ti + _I -_ m 0 (I)J J

which arise in heat transfer problems involving conduction and radiation.

"The Method of Zones for _he Calculation of Temperature Distributions"
.l by P. F. Stron 8 aud A. C.. Emslie, ]report to Jet Propulsion Labor_to,-y,

July_ 1963.
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In addition to solving the equstlonst the pro_rmt is deslsns_

to carry out certain checking procedures end to print the results of thesecheck_. The princlpal checks are a ca6t for che._ons_rvatlon of enersy in

- the complete sysr.em and a test for the consistency of the input _sta.

To test the conservation of energy, the qusntlty KS is computed

Ii fron the fornula
t

_ Rs - _ _i'_i(0) - z _i _i(t) " _ [" rl at

J_

' i i t _o

_.fo t ot
| " _i _ Ti4 dt - Z " /_ Tl _t (2)

i IJo

and printed alan 8 with the temperatures _i as the calculation prosresses.

i Xf the c¢_putetion were pe_-fec_.ly accurate, E$ should be zero at all times.|.

In practice, of course, one requires that ES be snmll. Other .=u_ntltieot

i such as the total energ.v stored in the system

! _p _ _ _i _i(t) (3)

i and the hog&rive _£ the totaI energy into the syste_

i = _ _ ri dt. _ Kin i
,_,,)

_fJ

I
are also printed in order to provide numbers th&e can be ¢oupdurad with Ks.

i 1he quantity Ip also _srves to indicate when • oystem has reached the end
o._ s transient, and Kin is co be used co check that the lnpct power is

correctly computed.

1
To toot the consistency o_ the input data_ wow and Coltmm mat

1964016440-005
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sR - z '_ij " _i (5)J

j OIj

ars ,:alculated for all values of i and tested to be _mall in maagnltude.

Any ,mu_ o_:er tolerant: are printed out. Also tho column su_

cS_" _ ± _lj " aj (7)l

are calculated for each value of j and tested to be small in magnitude.

Any column sums over tolerance are printed. The signs in the sugnations

o£ Faluat_.ons 7 and 8 are the same as the signs of the dihgonal el_ents

_ii or Oli"

Finally_ the average power into each zone, Yt' iscslculatedand
printed, In the case of periodically varying power Lnputs, the average

power over a period t.s part of the input data_ so that Yi can be auto-

maritally checked. The total average power iupt_t is also calculated and

printed.

:, While most of the printing is naturally done off-line, a £ew
!

quantities are printed on-line so that the calculation can be terminated

right at the start If the input data are faulty. The quantities printed
r_

are the number of equations read into the machine, the number (and type)

;_ -- of st_ checks that failed_ _he number o£ periodic power inputs with the

. wrong average level, and the total average power input.

: It iS to be noted that the method off solving the dt£1_erence

: equations correspondtl_g to the dtffer_.ntial equations (1) requt_es that a

, le • , ,_1 • ¢_
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t 6 i be non-sero. The program checks to make sure that this requireaent Is

satisfied and auto_atlcally omits the solution of the equations if the

I requlre_ent is not satisfied.
W_

[_ A n_ber of other checks on the format of the input data are
made. These are all tri_rial and are best described by reference to the

11 detailed flow charts.

The ordinary differentia1 equations (1) car_ be solved only when

i starting teape_atures Ti(0) are given. In certain equations (i.e._ the

Joining equattons)j h_ev@r_ the quantity _i is zero. In that case_ the

i corresponding value of Ti(O) must be calculated so that all the joining

equations are satisfied init_.ally. The program automatically carries out

i this calculation before proceeding with the main computation.

( The fundamental units used in the program are determined by the

l units of the $tefan-Boltzmann constant and are power (watts)_ temperat,_re

i (degrees Kelvin)j and length (ceuttmeters).

INPUT DATA
i
i

The input data consist mainly of a sequence of card im_es on

I magnetic tape. The data for several problems may be placed in succession

on a single tape and followed by an end-of-file record. Under sense

I switch control_ it is possible to read in certain information on cards

I. via the on-llne card reader. For the purpose of this descrlption_ however_

we shal _ assume all data to be on cards as they might be before card-to-

I. tape conversion.

l A single problem consists of the following:

I I. A heading card. This Is an alphanuaeric title to be printed on each
; sh_et of output for ident4 ficacion and description.

,[
f
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II. A series of cards containing numerical information describing the

differentia] equations to be solved. _is series of cards is divided into

setsj each of which describes a single equation. The format for eli of

these cards is ch_ s_ae, and in FORTRAN notation is I5, FlO.3, FlO.3, 15,

I5. A decimal point is customarily used in the two F-type fields so as

to permit fuli flexibility. The first three fields contain tbe informa-

tion needed to solve the problem, and the last two fields contain identi-

fication numbers. ,_he identification in the fourth field is the equation

number and the identification in the fifth field is a _ertal number withia

the set of cards describing an eq_.ation. _he tn_ormation in the first

thzae fields in a single set of cards is described below.

A. The first card contains the equation number i in the firs_ fieid,

the quantities _i and _i in che second and third fields_ repectively, as

required for use in Equation 2.v ,

B, A series of cards comes next to give view are s, weighted _ond._ct-

antes, and power -_puts which _etermine _ij' Bi4' and T i zoz a single value

of i In Equation 1. These cards are of two types:

-" I. the flr,t type of card contains the quantities j_ _ij_ and

_lJ in thz first three flelde. The indices J may be in any order and a
s_ngle _ndex may be repeated _ore than once if desired. _f an index is

repeated, the view ar_as ant conductances given will be summed by the

computer,

2. Tb,) second type of card is used when a power input is to

"" be specified. A power input may be either constant or vary periodically.

_ In the case of a constant powec, a single card is needed: the first two

-- fields are zeru and the third field contains the negative oF. the aFp!ied

power. In all equations which contain input powers, it is _ed that_r

d
:_ the diagonal elements Oii and _[£ Le positive; otherwise the conservation

of enersy check (Equation 2) will fail. In case the p_der varies period-

" ically, the powe:, mast br tabulated as a function of time over the period

1964016440-008
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ou a mesh which is lille enough to permit the use of the trapezoidal rule

t l to integrate the power over time. The cards used for describing aperiodic power _re:

|

t a. A card which conzains a zero in the first field, the

period in suita',le units of time in the second ileld_ and the ave_'age
|

, power in the third field. If the power is an in[ut power_ the third field

must be negative. The aversge power given wil_ be used as a check when

the data are read into the machine.

: b. A series of cards which tabulate the power as a function
!

of time. The first field is zero_ the second field contains the ttme_ a_d

the thicd field contains the power. The third field _st be negative i_

| the power is an inp,st power. The first time given must be zero 3 and the

last time must be equal to the specified period. In case a discontinuity

I tn power occurs, the time at which it occurs must be repeated; and the

two value8 of power given.

I
C. The last card of each equation contains the negative of the

equation number in the first field t the thermal mass _i in the next field,
and the starting temperature in the last ftzld. The starting temperature

i will be interpreted as a first approximation to the solutioa of the joiningequations if the thermal mass is zero_ and will be uBed as a starting tem-

perature for a z_ne if the thermal mass is not zero. The starting temper-

ature may also be supplied It_ _oth_c way_ and _ay be omitted in this card.

This wlll be _uiiy discussed later.

t
III. A blank card to terminate the data on the zones.

I IV. One or more control cards. The contL-ol cards contain nine fields,

I whose _ormat is_ in FORTRANnotation_ F5.2_ _-10.1_ F10.3_ I5_ [5_ Fl0.3s_. FlO.3_ I5_ F5.2. Decimal point_ are customaztly used xn ali F-type and

R-type fields.(

I

[
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The first fleld_ F5.2, contains the acceleration factor used

in solv_.ngthe systems of simultaneous equatio1_s and is generally taken

to be in the. tense 1.2 to 1.6.

-. The second field_ ElO.12 co._tains a tolerance which deterznine8

- when the iterations for solving the system of simultaneous equations are

_ to be terminated. :.

-

: The third field, FIO.3, _ontains the time increment to be used

in solving the differential equatious.

The fourth and fifth field_ 15, contain int_.serm which specify

the frequency of off-line and on-line print-out8_ respectively.

- • The sixth field 3 FlO.3, contains the maximu_ value of time for

., which the problem is to be run before readin8 another control card.

The seventh field contains a 8tartir4 temperature or se_o. If

• •tarring temperature is specified (and it must be c: the first control

card); this startl._ temperature will be used for all son•8 except for _

, _hos• which have already had a st_rtin8 temperature specified under II-C _i"

8"•eve. If the st•trine _empersture punched in the 8econd or later control

" card is se_o_ the c_putation will continue with the most recent tmpera-

-- turas u 8tart£,_8 values but with any new pard•tars (a.8._ time interval_

._ acceleration factor_ e_¢.) as specified by the new control card. If on a

_. second or later control card the startin_ t_perature i8 not zero_ the

covq_tation will be restarted _rom time sere with the new pard•tars

tpecif-_ed by the control card.

' Theeighth field_ I5_ specifies the largest value _f the index i.

._ Since some indices may be o_tted, the number in the eiKhth field will be

-" _r_ater than or equal to the nu._ber of eguat!cns to be solved. :

_.|

o_ _ The ninth fteld_ F5.2_, contains the intesration parameter a.

leIJalth
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V. _-hel_st card _s a blank card which, when read in place ot a norm_tl

i control card, causes the computer to proceed to read in dais fc,r the nextproblem.

_ The cards just dee.-rlbed are read In as card images fr_=J, mag-

netic tape. Under control of sense switch three_ however_ control c_rdsf

can be read in from t_,eon-llne card reader. A blank card read i;_thl8

manner cause8 the computer t= Jkip a-.ycontrol car-4sthat remain on tape

i and go on co the next preblem.

For the sake cf tllustration, we present the data for a simp!e

problem. Imagine *_ __,,a_w_ wish to caleuiate temperatures in three plates

arranged _s shown In Fixate I. Let us suppose that _one 2_ wltb mean!
!

i

, Fxgure I. Three plates, thermatly coupled
_/ radiation and conduction,

temperature T2_ has a conductance of i.5 watts per degree K_ and is te-l
celvlng a constant p_er inpt:tof 4 watts- We will also suppose that its

2 2

i area is 50 cm and that the _iew area between zones 2 and 4 is 12 cm .
The temperature T1 is to b_ determined so _hat edge 1 is adlabatlc..

Zones 2 and 4 enjoy a common edge temperature T3.|
l

|
t

_rtbur _.]l.ittle.]nc
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We will let zone 4 have a conductence of 0.7 watt per degree K,

and have an area of I00 cm2. The viev area between zones & and 5 will be
2

assumed to be 36 cm . We will assume a power input, P4_ to zone 4 to be

a squ_e wave of I0 watts laetln& for 33 minutes, repeated every ii0

minutes.

Zone 5 will be assumed to be a zone of constant temperature with

T5 " 300°K,

The thermal masses of the zones must also be specified. The

usual units of thermal mass are Joules per degree K, but in our work we

have found it convenient to specify the time interval in minutes so we use

watt-minutes per degree K t_stead. We will let the thermal _sses of

zones 2 and 4 be 3.0 and 8.0 watt-minutes per degree K, respecttve]y.

._ne zone equat_o_ts can now be written.

!.5(6T2 - 4T1 - 2T3) - 0 (9)

dT2 = 0 (I0)
1.5(12T2 - 6T1 - 6T3) �100oT24- 12oT_4 - 4 + 3 d"_-

1.5(6T 2 4T 3 - 2T1) + 0.7(6T<. - 4T 3 2T5) - 0 {ll)

dT4

.. 0"7(1274 " 6T3 " 6T5) + 200°'T44 " !2°'T24 " 36°'T54 " P4 + 8_'_--- 0 (12)

_. dT5
d--_-" 0 (13)

Me _ill let the s:artlng temperatures of zones 2 and 4 be 230°E and 290°K,

respectively.

The data for Chess equations, in the form required by the program,

' are given in Table _.

?

'b
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I TABLE I

, Tli_INPUT r_.TAFOR THE SAMPLE PROBLEM OF THP_E PLATES

1 5 10 13 ._0 25 30 35 _ 45 50 5.5 60 6 5

THE EXAMPLE O_ TKREE PLATES

1 0.0 0.0 1 1
2 0.0 9.0 1 2
1 0.0 -6.0 1 3

3 0.0 -3.0 1 4
-I 0.0 0.0 1 99

2 88,0 0.0 2 l
2 100.0 :8.0 2 2

1 0,0 -9.0 2 3
3 0.0 -).0 2 4
0 0.0 -4.0 2 5
4 -12.0 O,O 2 6

-2 3.0 280.0 " 99
3 0.0 -1.% 3 1
2 0.0 9.O 3 _
3 0.0 -6.0 3 3

1 0.0 -3.0 3 4
4 0.0 ,..t 3 5
3 0.0 -2._ 3 6
.5 0.0 -14 3 7

-3 0.0 0.0 3 99
4 188.0 4.2 4 1
4 200.0 8.4 4 2
3 0.0 -4.2 4 3
5 -36.0 -4.2 4 4
2 -12.0 0.9 4 5
0 II0.0 -3.0 4 6

0 0.0 -I0.0 4 7
0 33.0 -10.0 4 8

• 0 33.0 0.0 4 9
0 II0.0 0.0 L_ I0
-4 8.0 290.0 4 99

5 -36.0 -2.8 5 1
-5 1.0 300.0 5 99

: blank card g

1.6 l.,)E-02 i0.0 t 11 II00.0 300.0 5 0.6_
| 51ak_tkc8:d !
t
!

I

_%'tbUr m.lt.Utlt.]lat,..
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The data on the first cards for the sets E4ving _uatlons 2, 3_

4, and 5 were arrived at by considering the net flux out of the system

Qout " 0"7(6T4 " 415 " 2T3) + 88°T24 + 18_oT44 " 36¢'T5 "+ (14)

OUTPUT DATA

The bulk of the output cnnsists of the time histories of the

various temperatures. One page is printed off-line for each time interval

specified on the control card. It consists of three llnes of heading

followed by pairs of index numbers and temperatures up :o the highest

number specified by the control card.

The first heading l_.ne is simply the alphanumeric heading infor-

mation supplied on the first card of i1_put. The second llne ._ives the

. contents of the last contrcl card read. The third line shows the values

of tlme; Ep, ES, and gin as defined i,, Equations 3, 2_ and 4_ respectlv_}.y,

as well as the total number of iterations _sed in solving the systems of

equations since the last on-llne print.

Before th _- solution to the problem is printed, information about

the input data is recorded. The off-llne print consists of

1. T_e heading,

, 2. The total average power for each equati,>n (u:t!ess -.ero)_

3. The equation number and sum of the elements cf an)" rows

whose sum is over tolerance. As shown in Equatlot_ 5 and b_ SR is used

to d_note the sum of radlatlon terms and SC is sued to denote the s_m of

conduction terms.

4. A llne of print which gives the number cf equations read in,

._ N_., the number of row sum failures, NR and NC, for radiation and conduction,

i.lmti._.b.h+.

1964016440-014
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I
respectively, the number -N_, o£ periodic powers with incorrect average

_- leve!, and PT' the total average power to the system.

5. The colum_number s_id the sum of the eieo_nts of any

I columns whose sum is over tolerance. As s'_own in Equations 7 and 8, CSR

is used to denote .the sum of radlatlon terms and C$C is used to denote
I
| the sum of _ouduction terms.
!

6, A line of print giving NCS C and NCSR, which ar_ the nu.mbere

of column sum fail-res for conduction and radiation_ respectively.

!

The on-_i-:., prlnt-outs are as follows:

, I. The heading for the problem,

2. Any card images wxth the wrong equation number in field 4_

3. The quantlties NE, NR, NC, Np, and _T as given in No. 4

above,

4. The numbers NCS C and NCS R as given in No. 6 above,

5. A prlnt..out of equat_en n_mbers lacking diagonal elements,

6. A print-out _f _o integration par_mete_ is supplted_

7. A prlnt-out of all control cards as they are reed _n either

from tape or card reader,

8. A print-ou_ of any negative starting temperatures encountered,

9. A prlnt-out of the residu_l after every f_fty iterations

during the solution of the Jolni_g equatlono for the start-

ing temperatures,

1964016440-015
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, I0. The values of time, Ep, E83 Ein and the number of iterations
_ince the last cn-_ine print of this type.

DESCRIPZION OF FLOW _LRTS

The flew charts _rc shown on pages C-I to C-IO. in drawing them

up. we have departei sligPtly from conventional notation and have adhered

closely to the FORTRAN _,tation, In particular, we have used the equal

&ign and _ne word IF aF they are used in the FO_RAN language. The numbers

attached to the boxes of the flow chart are the statement numbers used in

the coding. The symbols "RIT' and "WOT" are short for "Read Input Tape"

: and "Write (Y,ltput Tape", respectively. T_e symbol "SS" stands for "sense

switch."

The portion of the program on pages C-I and C-2 is to read in

the headl,g and the numerical informatioa on the equations to be solved.

Row sums are computed and checked, and any over tolerance are printed out.

" In addltion the average power for each zone is calculated (and checked in

the case of periodic pcwers) and the total average power is calculated,

For all csrd images read in; a check is made to see that the proper

equation number is in field 4_

? .. On page C-3 is sh_ the prlnt-out of some check quantities

Just calculated and the method of calculation of column sums. Also shown

is the gest for the existence of some d_agona] element (_li' 8ii' or 5i).

On page C-4 is shown the check of the column sums, the prlnt-

out of the number of failures, the read-ln of the control card image from

tape (a test is made t_ insure that the integration paremeter is supplled)_

the set-up of the initial _emperatures (with a check against negative tem-

f perature8) and a call to subroutine FIFI. _%_s subroutine, shown on page

".: C-IO_ calculates f_l and fll given by the relations

"9

6,

U
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f41 = _ A t Oil (15)

ill = a /x t _li + _i (16)

where _ is the integration parameter

_t is the time increment.

The portion of the program on pages C-5 a_d C-6 is to calculate

: Ep(O) and the initial values of temperatures whose derivatives do not
e-_plicitly appear in the given equations (i.e., the Joining equaticus).

_u_r control of SS5 the whole course of the solution may be printed off-

line; in case convergence is not obtained, a new control card may be read

In from the on-line card reader under control of $S3. Iu case a particular

quartie cannot be 8olved_ SS4 mRy be used to force the coxupute_ to stop

the iteraglon and test SS3. Note that s blauk card read in under this

condition will terminate the attempt to solve the problem currently set

up in the machine and causs the computer to read in the next problem for

solution without having to read in the coding anew.

_e program on page C-7 is mainly to calculate3 at the beg_nning

of each time step, the quantity

$+_t

= (Io_)AtZ [a,j_Tj (t) + _ijTj(t)l + Ti(t)dt - 51Ti(t) (17)fOli
J ,

Two other quantitlee, used in the overall energy check, are also computed.

! On page C-8 are shown the flow charts for the calculation of

[ q_antities used in the energy balancet the on-line print of time, ES_ Ep,
etc., and the off-line print of headings and temperature data, which _akes

I place Just before the time is incremented,

I ._nemain iteration to solve the equations at the new
sequence

time starts after the time is incremented and is shown on the lower half

t
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of page C-8 (below box No. 99) and on page C-9.

-- Shown on the lower half of page C-8 [s the test on the residual

R to terminate the iteration and the calculation of E at the end of the
P

time interval. Also shown is the calculation of

f02i " J#iZ_iJ Tj(t+h) + _lJ uTj4(t+h) (18)

The quantity f02! is calculated with the latest approximations to

Tj(t+h). This calculation is _h- first step in the solution of the
equations at the new time.

On page C-9 the cal_J!atlon of the residual and the solution of

the ind£vidu_l equations are _hown. The uses of SS3 and SS4 are to read

in a new control card as before.

" Ftnally_ on page C-10_ are shown two simple subroutines named

FIFI and GICI. 3ubroutine FIFI is to compute f_i and fli as noted earlier_

and subrouL.._ GI_I is to carry out an integration needed to compute

_t_+_t Ti(t) dr.

_a
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A-1

t

AI_rENDIX A. CAT.AI.OGUEOF STORAGECOI_"_I_S

f

In order to facil: rate a detailed study of the flo,l charts and

J coding, a brief catalogue of the contents of the named storage locations

as they appear on the fl,.,w charts and a description of ca:rain critical
l
_ parts of the flow chart will now be given. An asterls_ Ls used to label

storage locations use_: for more than one purpose.

i
!
|

NE is the number of equations counted in the input,

t *I_R is the number of row sums (radiation) which are non-zero,
! NC is the v_mber of zow su_s (conduction) which are non-zero,

NP_t is t_he number of periodic powers with incorrect averages,I
| K is an index used for proceeding through the input data,

k_r is the total average input power for the problem,

| XN is an array containing the thermal masses (5 i) .I
J is an index,

I is an array containing the first field of input data,
A is an array containing the oecond field of ivput data°

B is an array containing the th4rd field of input data.J_ contains the fourth field of input data,

J_l contains the fifth field of input data.

I1 is th_ equation number.

I The test on I(E) in box 5 is to sense the blank card at the end of the data,

I SR is the row sum_ radiation
$C is the row sum, conduction.

I M is the input power for a single equation,

The test on I(K) in box 10 is to sense power inputs and the end of the

equat ion,

t
{
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A-2

TAU is the period of a periodic power.

WB Is the speclf_ed average power.

WS is the average power computed for checkin$.

CSC is an array containing column sums (c>nduction).

CSR is Ln array containi.,g column wums (7 adiatton).

CON is a control: normally zero, but set equal to unity if auy disgonal

elements are missing.

*K1 is an index used to 8o through the input data to find the dtqonal

elemen_.

SG is the sign of the equation, as determined by the sl_, of the diagonal

element.

- /tU_ is the acceleration factor ured in the re_sxation process.

TOL is the tolerance to be satit_fied in solving the equations.i

.. I)TX is the time increment_ At.

._ _ is the write frequency (i.e., for off-line printing).

KPF is the print frequency (i.e., for on-line prluting).

TIM t_ the maximum time -o which the solution is to be carried.

TB is the be@inning te_erature from the control card.

KSIZE is the maximum ,_alue of equation number I1.

AL is the £nte_ratlon parameter (_,

:- The teec on TB iv box 82 is to determine whether the temperatures should

. be set to their initial values and _he time reset to zero, or not_

- The flow chsr'_ beginning with box 56_ page C-4: and ending with the transfer

to boT. 67, page _-7, is to set up the initial temperatures e_d _.et

tJ.me equal to zero.

_" T is an array containing the temperatures.

_" -- TI is the time.

:= .:. zzisZp(0).
,_ _.: _N is the net change in energy t- one time btep; i.e. :

_ l t .At i

2 g.
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|" EIN is Y.j_ Tidt.|. 4
U

*NR is the number of iterations between on-line printouts.

KPC is a counter to control on-line printing.
l

. R3 is a residual used in solving the Joining equations.
L is an index for off-llne prlntlng.

i KXC is a counter to contz_l on-line printing during the solutlon of ':he
joining equations.

GO _s the constant texan i_ a joining equation.
G1 is the coefficient of Ti in a Joining equation.

_i G4 is the coefficient of crTi4 In a Joining equation,
I2 is an index.

*T1 is an approximation to the root of the equation 8o + 81T + 840T 4 m 0.

_ is the Stefan-Boltzmann constantt 5.6686 watts cm'2(deg K) "4.
DT is the correction to TI obtained by Newton's method_ and is also used

fcr the correction to Ti indicated in each ite_-ation.• t

gIN2 is the integral _./ Tidt at the present time t.

gt

i i _Jt-At

P2 is the integrand E _iuTi4dt + E _iTidt at the present time t.
i i

FO! is an array containing the quanti_.tes loll defined in Equation 17,
DTC is the quau_.Ity (l-cx)At.

_ TI1 is the remainder of TI modulo TAU.*K1 is an index used to retain the lo-_ation in storage of the beginning of

the tabulation of a periodic power.

t

a_kn ILlmk.d_

| I q
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TI1 is the lower limit of , panel over which the input power is integrated
.o

• by the trapezoidal rule.

TIU is the u_per limit of a panel over w_tc_ the input power _s integrated

"" by the trapezoidal rule.

"" WI is the integral of the input power over one panel (computed by su_routtne

-- GICl).

.. EINI is the same as EIN2 except EINI is for the previous time toAt.

DT3 is one half the time increment used at the :,re:_.custime t-At.

.. ES is ES defined by Equation "_.

R is the residual computed to determine when the equations at one t_me ar_

.. satisfied so that the calculation may proceed to the next time.

-. F02 is the number f021 defined in Equation 18.

.. P1 i. the smae as _2 except P1 is for the previous time interval.

DTA is the quantity C_t.

.. F0 is the constant term in au equation_ "_tF02 i + f01i " t0"

: _ F1 is an array containing the coefficient of Ti in an equation.
?0

is an array containing _he coeffic_ents of oTl4 in an squation.
F4

-?

_ RI is the quantity f0 + flTi + f40_i 4

_" _, *T1 is an approximate solution to the equation al - O.

_ R2 is the derivative of RI with Tespect to Ti for use in Newton's method

-- .. of solving quartic e%uattons.

DT2 iS _At.

_ TM is the atltnmetic mean of TIL and TIU.

b

: I

| --
| , j
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. APPENDIX _: COPY OF Tl_ CODIb_

s o

|
* _nl. PFS r_%SIEN! [HERHAL ANALYSIS TEA-2I 4TH SEPT L963

_" • XEQ
_ - LZST

C AOL PFS TRANSIENT THERMAL ANALYSIS TTA-27 4TH SEPT 1963
Di½_ JION H(12)tXMI300)_ISS00)tA{S500)tB(Sb00|;CSC(30O)vCSR(300|

t UIMENSION T61300)tF6IIOOleFI|300ltF'2[[300)
COMMON XMtltAtH,OT2_F6,FItTILeTIUt_I,Kt_TItAL_DT_
DIRENSION l't'_O)

i I000 FORMAT ( 12Ab |I001 FORMAT { IHI, 12A6)
ICO2 FORMAT II5,FIO.3,FIO. 3,iS,Ib)
'003 FORMAT {1FI0,IS_2FIS._,215,6H E_ I5}

t 1006 FORMAT (5H0 EO I5,6H SR = F15.6}
• lOn5 FORMAT (IH0, 35Xt TH EG [5e6H SC = F15.6)

1006 FORMAT (IHO, 70Xt 6H EQ I5,6H P =" F15.5}

1007 FORMAT {IhO. _0X_ _H EQ I5, 7H TAU =FIS.5_8H PbAR =F15.6)1008 FORMAT|IOH0 NE =I5,7H NR =15,7_ NC =I5,7H NP =IS,
l 7H PT =F15.6|

g lOG9 FORMAT ISH0 EOI_,L8HDOES NOT CONTAIN T I4)

101C FORMAT (6HO COL I6_ 7H CSC =F15.6|
10Ll FORMAT (bH0 COL 14, TH CSR =F15.6)
1.012 FORMAT | 9H0 NCSC =I4, gH NCSR = I4}3
1013 FORMAY (FS.2jEIO.I,FIO. 3,I5,IS,FIO.3,FIC.3,15tFS.2}

¥ 1014 FORMAT {bH0 Tl = FO°2,7H EP =EIS°8,7H ES =EI2.S,TH EIN =
IOI_IEI2.S,TH HI= [5}

I015 FORMAT ( 5HOREL=F5o2, 6H 1OL=E8°1, 5H DT=FS°I, 5H WF_I4t. I 5H PF=I4,TH TIMX=Fg.I,SH TO=FT.I,TH SIZE=r4,8H ALPHA_FS.2|
1016 FOkMAT|IHO_I3,F7.Z,15,F7.2,ISoF7.2tI5,FT.2tlS,F7.2_

I IS,F/.2,ISIF7.2,IS,FT._,/_,FT.2, IStF7°2)

1017 FORMATIL7HO J. EONS. RES = E 11.6)
1RE_D INPUT tAPE q, IO00, (H(J)_ J=I,12_

NE = 0
" NR = 0

NC = 0
NPBAR = 0

K = lWT = 0.
DO 2 J = 1,300

2 XM(J) = 0.
WRITE OUTPUT TAPE 6, 1001, (HIJ)_ J=l,12)
PRINT 1001_ |HiJ), J=1,12)

3 READ iNPUT TAPE 9t 1002, ILK), A(K)_ H(K), JQ_ JQI
! II = IrK)

IF ( IlK) -JQ ) 4, 5, 4
4 PRINT 1003_ I|K}, A{K)_ 8IK), JQ, JQI, II

| 5 IF ( IlK} I 7. 6t 7
_" _ ? $R = -AIKI
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SC = O.
N = O.
K = K'IE = NE +L

8 READ IFPUT TAPf 9t 1002, I(K)t A(K)t 8{K)t JOy JQI
iF ( I! - JQ } 9t IGt 9

9 PRINT lO03t |{X)t A(K); P(K)t JOt JQlt I|
I0 !F ( I!K) ,_II, |_, 13
II XM(ll_ = AIK)

K = K+I

15 )F (ASSF{SR) -0.001} 17,17t16
16 NR = NR +I

ktRITE OUTPUT TAPE 6t zO0#, II, SR
17 IF (ARSF(SC) = 0o00001) 19, lg,18
18 NC = NC _" l

WRITE OUTPUt TAPE 6, 1005, II: SC
1_) IF ( M ) 20t 3_ 20
ZO #RITE OUTPUT TAPE 6t lO06v lit #

VtT = WT + W
GO TO 3

13 SR = SR + A|K)
SC = SC, + B{K)

14 K = K + 1
GO TU 8

12 IF (A|_.) ) Z2, 2It 22
Zl W = l_ • 6(K)

GO TfJ 16

22 TAU = AIK)
WB = B(K)
WS = O.
K =K • 1
RE_D INPUT TAPE 9t lO02t I(K)t A(Kt, E(V_,t JQ: JOl
IF { II- JQ) 23: 24t 23

23 PRINT tOO3e I(K_t AIK), BlK|t JOy Jf,)l_ Jl
24 IF (AIK)) 25, 26t 25
25 PRINT lO03t IlK)t A(K)t B|K)t JOt Jqlt II
26 K = K •I

READ INPUT TAPE 9t 1002t I IK)_ AIK)t b(K), JQ, JOl
IFI I1 - JO) 2Tt 28, Z7

27 PRINT lO03t I{K), A(K) t 8IK)e JOt JOt: |l
28 IF ( A(K) - AIK-I) | 29, 30, 30
29 PRI_4T I003t IlK)t AIK)t B(K|t JQ, Jqlt IX
_9 IF ( i(K) ) 31_ 32, 31
32 MS = WS •((Bt_} • B(K-1))* (AIK| - A(K-I))m 0.5|/TAU

IF ( A(K) - TAU) 26t 33, 26
33 IF ( ABSF I b'6-#S ) -0.01) 35, ._5, ._4
35 _1 = kl *- ulS

,,gO TO i 4
31 PRINT lOC3t ltK_t A|K)t 6:K), JOy JOlt |1
36 WRITE OUTPUT TAPE 6t lOOT. llt TAU, MS

NPBAR : NPBAR • l
GO TO L4

6 PRINT IO08tNEtNRt_iCtNPBARtMT
H_ITE OUTPUT TAPE 6tlOOBt NEtNR:N_'.tNPBARtMT
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O0 3b J-"l, 300
CSC (J) = 0.

36 CSR i J) = O.NC3C = O
NCSR = O

I CON = OK =l

37 IF ( I(K)) 39, 38, 39

39 J = Ia.K_CSR(J) = CSi_(J) - A(K}
CSCiJ) = CSC(J) - B(K)
KI" K + 1

{ _0 IF| i|Kl) ) l16t _l_ 61
;i_ IF|AIKL)} 117, 42t 117
_l IF (_(KI) - I(K)) _3, 66, 43
43 KI = KI Œ�| Gr3 T(} 40

.%

44 IF (A{KI) • B(KI) ) 45o 46t 46
45 SG = -I.

t GO Ill 47_6 S& = 1.
47K =K ._I

| IF ( [(K) ) 48t 47, 49
s 42 WRITE OUTPUT TAPE 6, 1009_ I(KJt I(K)

PR[NI 1009, I(K)_ [{K)
{ COH = I.
ic

{ I17 K = Kl
48 K = K*I

GO TO 37
z _9 d = I()')
| CSR(J} = CSRIJ) �A(K)eSG

CSC(J) = CSC(J) + BiK)_ SG

GO IO k738 DO 50 J= i, __00
IF (ABSF(CSC{J}) - 0.00001) 50o50,51

51 WRITE OUTPUT 1APE 6, [OlO, J, CSC(J)

i NCSC = NCSC +I
" 50 CONT!NUE

DO 52 J=ll 300

i IF (ABSF(CSR(J)) -OoO01) 52,52,53. 53 WRITE OUTPUT TAPE 6p lOlle -it CSR(J)

NCSR = NCSR + I

52 CONT|NUEWRITE OUTPUT TAPE 6_ |Ol2t NCSCt NCSR
PRINT lOIZt NCSC_ NCSR

54 READ INPUT TAPE 9, XOl3t REL_ TOLt OTlt KWF_ KPFt TIH,TB_&SI/E,AI.

501 PRINTIOISs REL, TOt, OTlt KWF, KPF,TlN,TOt KS[ZE_ AL- IF { KSIZE ) 55, I, 55
55 IF(CON) 54, 82t 54

56K" 1. 57 IF { IlK) ) 58, _gt 58
58 II = [_K)
6| K " K*I

IF ( I{KI ) 62, 61, 61

L
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62 IF IEIK)} I51,64103
151 PRINT i019tlloS(K}

1019 FORMAT ( 23HONEGATIVE IEMPER&TURE TlSf 2H =F7.2)
63 Till) = ABSFIBIK))

K= Kel
GO TO 57

6_ Till) = ABSF(TB)
K= K+ I

_9 TI = 0,0
60 EZ = O.

EN = C.
EIN"O.
IF lIB) 1521152_153

122 PRINT 1020oT_
1020 FORMAT I 25HONEGATIVE TEMPERATURE TB=F7.2|
123 CONTINUE

DO 65 d=t_ KSIZE
65 EZ = El * TIJ) * XMIJ)

CALL FIFI
EP = El
NR = 0
IX -- 0.

KPC = KPF
KWC = KWF
KXC = 0

123 K = 1
KXC = KX.C + I
IF{SE_iSc SWIICH 5! 149_150

149 WRITE OUIPUT TAPE 6_lO01t(H|J),J=l,12)
WRITF OUTPUT TAPE 6tlOI8.REL,TOL_R3

: 1018 FORH&T(IH0_ 5H REL= F6.3, 2H TOL=EB.IvbH RESJ=EI_-.6|
WRITE OUTPUT IAPE 6_lOlOtI(L_ TfL)JpL--I_KSI/E)

150 CONT I _UE
IF|KXC - _0} I_7,1_8,148

t_t8 PRINT I017, R3
KXC = 0

-- 147 CONTINUE
R3= 0.0

124 IFiI(K)) JL22tlZ6.125
' 125 II = IlK)

GO = 0.0
Gi " 0.0

i G6' = 0.0
" 127 K = K + 1

IFIIIKI) 128,129_130

] 128 IFIAIK)) 131,13Z,131
._ 111 K = K + 1

GO TO 124
: 129 IFIA(K)) 133,154t133

• ! 154 GO - GO • _;,'K)
.L GO TC_ I27

133 TAU = A|K|

I GO =. GO + B(K4.1)
.I

!
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I 134 K = K + i
IFIA4K) TAUJ 13_t 127t134

130 IF(IlK) - I1) !35,136,135
! L35 i2 = I(_¢)

GO = A{KI * 5.668bE-12 olTii_luo4} �GO
GO = 8(K) * T[l_! • GO
GO TO "2 _

136 G4 =- A(K) + b_,
G! = B(X)�GX

" GEl TO t27
12b IF(SENSE SWITCH 3) 137_L38
137 REAL) I013t REL_ _,OL_ DTI, KWFI KPF, T|Mt Td_ KSIZEt AL

., PRINT lOLSt RELe IOLw DTI_ KWF_ KPF, TIf4t TB, KSIZEt kL
PAUSE
IF(REL) |23_139_123

13cs READ INPUT [APE 9_IOt3=,REL
IFIREL) 139o I, 139

t38 IF(R3- TOLl 67t67p123
132 i,FlG4) 140_141,140
140 TI = TILl)

142 DT = iGO + TI q[Gt +5.6686E-12 t(G4_,,LTI**3))))/
I(G1 _" 22._744E-1..?. *(_4 *(TIe"3)))

; Ii = ABSF(TI - DT_
; IF(._BSF_.OT) - 0.04, 143,143a]44

143 DT = TI - Till)
R3 = R3 + ABSF[DT)

! TIll} = Till) * 0"t"
_ IFIT',II)) 145, !4_5,131

145 T(II) = ABSF(TI)

% GO TO t 31
/. 144 IF(SENSE SWITCH _) I_6,142

146 P_USE
•' GO TO 126

141 rl = - GOIGI

; 67 E IN2 = O.
P2 = O,

K= 1

DO 66 J= I, KSIZE
66 T_.(JI = 5.6688E-12 *(TiJ) -* 6)

i DO b8 J=.t_ KSIZE
68 FOI[J} = 9.
69 IF ( I(K) ) "II_ 70, 71

i 71 II = I(K,_
P2 = P2 + AIK) = T4{II) * Tilt)

72 K = K+I

i iF (IlK) ) 73_ 74_ 75
_. 73 V. = KFI

FOIIIL) = FOl(It) -XM(ll) • _,(II;
_ GO TO 69

f 75 I2 =, ilK)
OTC = DTI - DTA
IF [ A(K) ) 76, 77_ 76

76 FOI(I|) = FOIIII) �OTC* A(K) * T4,(I2_

|.
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77 IF (RIK) ) 78, 72t 78
78 FOIIll) : F_II|I) �OTC* B|K) * [(12)

" GO TO 72
80 P[ -- P2

EINI _-EIN2
EP = O.
Dl'3 = DT2
DO 81 J = It KS[ZE

81 E!) = EP _ XHiJ)
IF (SENSE SWITCH 3 I TOt 07

,9 READ lOl3t RELt TOt., DT|; KMFt KPFv TINt TBt KS|LEt AL
PRINT ).OlSe f_EL_ TOLt DT][_ KWFt KPFp T][Ht TBt K$[ZEI t_L
PAUSE 77
iF t KS[ZE _ 82_ B3j 82

82 IF I T_, ) 5b, 84t 56
84 CALL FIF[

GO TO 67
83 READ |INPUT IAPE 9t ].O[3t REL

IFtREL) 83, It 83
74 [F(A(K)) llSt85pl15

- _5 FOIIll} = FOIIII) �Ot'l* ElK)
EIN2 = E]N2 + DTI * B{K)
GO I[0 72

ll5 TAU _" A(K)
Tll = T[ - FLOA1F|XF]XF(TIIA(K))) * A|K)

.. KI = :(+1
86 K " K_l

- IF ( T][I - _,IK)) 87_ 86t 86
87 T][L = TI1

K:K-I
_-' -. 88 IF ( TJi. �DTI- A(K 089t 891 90
-'.- 89 TIU = TII �DTI

CALL GIG][
', _ FOI(][. t } = FOIIII) �t4][

EIN2 = EIN2 �HI[
91 K " K œ!| IF (AIK) - TAU] 9It 72t 91

" 90 TIU = AIK ð"CALL GIG][

i FOz([1} = FOIII1) �I¢l
| EIN2 = EIN2 + NI

K = K ä%[F (AIK) - TAU) 93t 92. 93

92 Tll = TII - TAU
-_ K : KI

- 93 IlL : AIK)
GO TO 88

:- - 70 ][Fllr][) 96tgb_qk,
96 EN = EN - 2oeDT3*((I. -- AL)ePI + ALeP2) - E][N]

•" :- EIN=EIN + EINI
:_ i 95 IF I KPC - KPF ) 97t 96, 96
• 96 E$ : EZ + EN- EP

PRINT lOl6t Tit EPt ES_ EIN,_ NR
t KPC " 0

-_ .IL

?.
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NR = 0
91 IF ( KWC -KWF ) 99t g8t 90

i 98 WRIIE OUTPUT TAPEII, 1001_ (HIJ)t J=1,12)
; WRITE OUTPUT TAPEIltIOISIRELtTOL_DT|eKNFtKrFtr[_trBtKSIZE_AL

ES = EZ _ EN -EP
WRITE OUTPUT TAPEII_ lOlCt T|o EPt [S e EINt N_

I HRITE OU[PUT TAPEII_ lOl6, IILt FIL))e L=I_KSZZE)KWC "0
IFiTI - TIM) 99t56t56

' 99 TI = TI + OYI
( KWC = KWC +I

KPC z KPC �t I_G K = l

R = O.
lO| IF ( |(K) ) 103, 102t 103
102 IF (ASSF(R) - TOL ) 80, 80t 106

l lO_ NR = NR +l
( GO _0 100

I0_ I I - IlK)

F02 _ O.105 K _ Ktl
[F (ILK)) lobs 105e 107

lOT IF I I(K) -I1 _ 108_ 105t 10B

I I08 12= I(K)
FO_ = B(K)* TII2} • AIK) o T#(12_ + FO?
GO TO 105

lOb CONTINUE120 FO = F02 * OTA _ FOI(_I)
122 IF_F_(;I)) 109,110,109

109 R1 = FO + FIIll)* TIll) • F4Ill) * T6(II)T1 = TIll)
1,1 R2 = 22.6766E-12 * F6I_I)*(Tt **3) + FIIII)

i DT = RIIR2
i TI - ABSFITX - O[)
| RI = F_ • ;1 * (FIIil) • (TI**3I * 5.668_E-L2 • FCIll))

[FIABSFIOT) -0.06) 112,112t119
; 110 Rl - FO + FI(ll;* TIll)I

( TI z ABSF I FO / FLII1))
IF (SENSE _WITCH 6) 118tl12

( 112 OT - 11 - TIll)
! R _ R • ABSFIDT)

Till) - TII|) + REL • DT
I r I T(ll)) ).13, 113t 116

I13 TIll) = TI
• I14 T_III) - 5.6686E-12 * Tllll•a_

K = K+I

GO TO 101. 119 IF (SENSE SWITCH 6) llBo 1il
118 PAUSE

IFISENSE SWITCH 3s 79t56

I END II,l,0,1ml)

[
l..

1964016440-029



B-8

• LIS[
SUBROUTINE FIFI

. . OIHENS|ON H[*.Z)tXH(3OOIt|ISSOOItA(5.$OO)tBiS_OU)tCSCI300)oCSI, L{_,O0)
OINENSION T_K 300) _F_.(300) t rl (300) t F0| _300 )
CONNON XNt [ t At fit DT2eF6.FI t T IL e lrlUt MI t I',t OT i eAL.UTA
0T2 = 0.5 • DTI
DTA = AL * GT]
K = [

5 |F | ||K) ) ]l.i 2t |
• 2 RE TURN

I [l = I(K)
Fk|ll) = O.
FI(II) = O.

3K = K+I
IF ( IlK) ) 6. 6t 6

6 Frill) = Flint) + XM(Ii)

GO TO 5

6 IF (#(K) - ll ) 3_ 7. 3
7 F6.(ll) = F6(ll) + CTA _' A(K}

FI(II) : FI(II) + DTA m 61K)
GO TO 3
e:ND (Itl10,!_l)

i

i

:I

!-_..
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* LIST

SUBROUTINE G[_IDIMENSION H(l_)tXMi300),I_5500|tAi5500_B(5500|eCSC(300),CSR(300)
DIMENSION T6i3OO)tF6i3OO)eF_i3OO)tFOIi300)

" COMMON X_t_tA_BeDT2_F_FI_TILpTIU_ieK_OII_ALtOTA[_ (AIK) - AiK+|)) It 2t |
2 WI • O.

RETURN

! TM = 0.5 • ( TiE + _IU)MI = ((TIU-_IL) * ((A(K \TM)eB(K) • (TM -J(K))aS(K l�P�ˆ�/
IIA(K+|) - AIK))

REIURNENOllvltO,l,l)

f

t
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Ii @ ....... o.i
RIT 9: heading

NE=0

I fIR=0
" _C:O

NPBAR = 0

I K=IWT=0

XM(J) = 0; J = 1(1)300

WOT 6: heading.....Drlnt headin_
J
"43

I IRIT 91 I(K'}',A(K),B(K),JQ'JQ_

- IZ--I(K) I _
, - _O .|print I(K),A(KT_

, IF z{K)-JQ ..... _-_ B(K),jQ, jQ_,ii t| =0
! L !

5

i me-3

- SR'--.-A(K)
SO= 0

I W=OK=K+I

I NE : NE + !1

{RIT S: I(K');A(K),B(K),JQ, JQ_ _

I1.. l I ..... O_____rrintI(K).A(K),II _-_ _"_" "_" _ B(K),JQ,JQI,III=0

,, .l

,,I _ >o='_°_
a

so _cK_!l _ p':E..-2
i ''Ii .....

.[I..F(ii) = A(K) i
K=K+II. 16

i ,sin - o.oozl_ J_" _ + 1 i
" "[,woe6: zz,sRl

[ _8

[ [/_isc4-o,oooolIx) ._Nc: ".N°;,i iLWOTo, L.,801

' 20

i '6 =0 _0 _'_-'_. ll,W ]IW"_= WT +W

, !

_ _Im_ulm_
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i @ c-_
: -. 21

" TAU= A(K) .....[ 1: WB = B(K)
W8=O

K=K41 i
_ RIT 9: I(K),A(K),B(K),JQ,J_. 2_

-._ ._,.... __0_In% I(K),A(K) i

o ......4p_i_tI(K),I,(K)_IT

: 1 B(K),_Q,J_,nl
• , , ,,, ,,, ,

i. ,, "_6 '

' ...... _" *" --'--_ 1 _(K_,_,s_.n 1_ =0

' •,_8 29
- me----_ (_)-h' _ A(-K_ _K': : - A - print- I(K),A

- _ _ - " / B(!0,JQ, JO.%,Ill
- _' ........ I -

_- I IF I(K) I'-_- --'-_prlntI(K)_,'i(K), l
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i _ c-3

csc(J)= o;J= _,:I)3oo
CSR(J)= O;J :-.i(!)300

NOSC = 0
_. NCSR = O

CON-- 0

K=I

i ')I., 37
* [ =0 _/_.I iF 1,'n) :
! !¢o p.W-;.

/' 39

: cs_(J) cs_(J). -'a(K
• cBc(J) csc(J) n(K)i

,- _1 K+'I
i <
l i^ , , 116 ..... ,,,)40 I

i J _ 4- _ ,, S_! _o _,3 I

! t print ,I(K), I(K)I ]=0 " -

• |I l co_= _ _.1 i,- _ ,. ,J_:. .
j _ I iF A(K1) + B('KI_I. l_,__1 I,_ I_o

i CSR(J) = C,SR(J_ _ C'G.A{K)I

i Icsc(a=csc(_)_sG'_i_)l
I.

i
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I J-_11

_-_,<o [NCS¢ = NC_ --l_

_,-.. !

IL_ ,CsR'_'_ o.oo_ !_3
• _,C_R(._,i

[_ NCSR -.NCSR + i i
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---"¢,: |print NCSC, NCSR!

i t _,_,_,_,_z._,__ ,!

i

!

i

_501.

" iprlnt REL.'T_, _I, KWF,!

' f.'A_ =0 I KPF,TIM,TB,KSIZE,AL !
: _..) " t. iF _1$IZE '

p.c-1 1!o
!

_ 5_ I:° ®
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l. z=z+_lJ I 5
I I

_ _ _._,A
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_-- oI
EIN= 01 152

........ b>O 1
F-|-

J= ._tI)KSIZE
{ CALL FIFI
% *_t.J

NR=O
TI_O

tC.,_C
I_C= 0

' 42.............. 3 i_9
| K-.-: 1

C + 1 WOT 6; REL,TOL,R3

IF SS n "dOT6; L,_:_,;

[I'F IO[C - 20 _ print R3 ]<o __c _ o_--
| ,"147,

G .
. =0

• !37

_ff , KWF,_q_F,TIM,TB

I KSIZE,AL

' A38 _prlnt REL,TOL,
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6"7

, &39.,

I I _ " p..i_= IT9; "t_LO_
J IF REL

!

1964016440-037



/:-. .
_ ,>4

o I
! G,=-o I1 g =.o_____
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i A,, !_-o
•- i 141'.,.t2tV +;32 o
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I d, 140 1

- i ........ !
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i i- _,++.+o ,
K=I !
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Ij
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mc-8

i -J_T:

tF2=F2+A(K).T4(II)+B(K).T(Ii) !
|
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"ui rp ..T.CK)+-<0 :>I K :: K+ .:
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1 ,o, +_+.I.:.t_ C +_ +m:.:B(K)t:'Ot('::)l
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} t ! +FOl(Ii):mi(I1) ] : IEIN2=ml}ia+L_I•B(K)!
. +DI_.A(K)•T_(12..)i _I.i15 I.....

; .:_, J TAU : ArK)
I, L Ti1 TI - [T_._ ,_(K) :
! r'- .... -t [A(K'J I
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'' ......+ ......ill '
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%

I<13 iPr.ntTI,EP,_ EIl_hr.|
, NR=O

__97 _ 98

IWOT Ii;L,_(L); L=I,I)KSIZE

.. .._gk.... , _-_-_-
.:-.NR = I_ + 1t _'v*'--_"_
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"" ! K = K + i0'_
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1964016440-040



I
,.---.,

i r_(iZ).T_(n) o_ ......
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SU_ROUTI_]_ FIFI C-IO
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